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AbstractBreakage of locking bolts is an impor-
tant cause of interlocking nail failure in femoral fractures. It
usually occurs in the form of single breakage in one of the
distal bolts of the nail or nail breakage around the distal
locking hole. Here we report an unusual case of intramedul-
lary femoral nail failure with segmental breakage of both the
distal locking bolts. Such a scenario usually complicates
further management. We successfully managed this case
with exchange nailing without bone grafting. Here we briefly
reviewed the literature regarding such an unusual presenta-
tion and discussed in detail the possible etiology of such a
presentation and the management options when facing such
a complex situation.
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Intramedullary nailing is the gold standard treatmentfor diaphyseal fractures of the femur. The main ad-vantage of interlocking nailing over initial non-lock-
ing K-nail is that the former can provide rotational and
longitudinal stability, especially when the fracture is
comminuted or locates near the end of diaphysis.1
However, implant failure continues to be prevalent even
in the era of interlocking femoral nails. The failure might
be in the form of nail breakage or bolt breakage, leading
to both axial and rotational instability at the fracture site.
Interlocking bolt breakage might be a less common
cause of implant failure as comparedwith nail breakage.
Chen et al2 reported an analysis of 14 patients with 17
femoral interlocking implant failures. However none of
their patients were found to have broken distal locking
bolts, all nail breakage between the proximal and distal
locking holes. In another study3, the authors reported
17 femoral nail failures, among which 10 broke at the
distal third of the femur (1 at the distal hole and 9 at the
middle hole, the more proximal hole of the 2 distal in-
terlocking holes),6 brokeat the middle third of the femur,
and the rest one case at the proximal third of the femur.
Reda and his colleagues4 reported only 1 locking bolt
breakage and 1 screw bending in their series of 126
femoral shaft fractures. They had written that the bro-
ken screw was actually a 4.5 mm AO-cortical screw
because at operation locking bolt of desired size was
not available on table.
Broken interlocking screws would be found more
frequently if small-diameter bolts and nails are used.
The screws typically break at either the medial or the
lateral aspects of the nail.5 Hajek et al6 in their study
showed that acute failure occurred at the interface be-
tween the bone and the screw at a load 6-7 times of the
body weight. Theexcessive load required for failure may
in part explain why loss of fixation due to screw break-
age after interlocking intramedullary nailing is rarely
seen. A thorough research in the literature and study of
works done by Wu et al7, Tigani et al8, Bucholz9, and
Winquist et al10 indicated that almost all of the failures
in femoral interlockingnailing occurreddue tonail break-
age at various levels, and in some cases due to cut-out
of screws from the bone. Song et al11 reported an un-
usual case of breakage of locking screws of femoral
nail and collapse of the lengthened segment while per-
forming femoral lengthening over an intramedullary nail
using external fixation.
To our knowledge, segmental breakage of distal
bolts has not yet been reported in the English language
literature. Such a scenario complicates management
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in implant failure. We here share our experience in
managing a 32-year-old male with segmental breakage
of both the distal bolts three months following closed
reduction and interlocking nail fixation. The patient had
a 32-C3 segmental femoral fracture according to AO
Muller Classification.
CASE REPORT
A 32-year-old male presented to us with multiple
injuries following a roadside accident. The patient was
sitting in the back seat of a car which slipped off the
road and went tumbling down the valley. The patient
was found to be neurologically oriented and hemody-
namically stable with primary complaints of severe pain,
inability to move the left lower limb and mild discomfort
in the abdomen. Clinical and radiological examination
revealed a closed segmental spiral diaphyseal fracture
of the right femur. The fracture was classified as 32-C3
by AO (Muller) Classification (Figure 1). There was no
guarding or rigidity in the abdomen but ultrasound and
contrast enhancedabdominal CT scan revealeda grade
1 splenic injury without any significant free fluid in the
abdomen.
Medical history revealed no significant co-morbidi-
ties in the patient. He was taken for immediate opera-
tive intervention—-closedinterlocking intramedullarynail
fixation.Thesplenic injury wasmanagedconservatively.
The surgery was uneventful except for a breakage of
the screw driver while putting distal locking screws. Due
to unavailability of a spare screw driver, all locking
screws were inserted by hammering them through holes
made by a drill bit. There was no secondary trauma to
the patient after operation and the immediate postopera-
tive radiographs showed satisfactory alignment but a
slightly smaller sized nail in situ (Figure 2). Aggressive
physiotherapy was started the next day with full knee
bending, active and static quadriceps and hip abductor
strengthening. Considering the segmental and commi-
nuted nature of the fracture, the patient was required to
start non-weight bearing crutchwalking only. There were
nowound-relatedproblemsandsutureremovalwasdone
at 2 weeks after surgery.
Subsequent follow-up X-rays at 4 weeks (Figure 3)
showedsatisfactory progressionof callus formation. The
patient then started partial weight bearing walking with
the help of crutches. Radiographs at 8 weeks after
surgery showed bent distal locking screws with some
collapse at the fracture site but a definite radiological
improvement (Figure 4). As a result the patient was
advised not to bear weight till the fracture united. How-
ever the next follow-up visit at 10 weeks postoperatively
showed complete segmental breakage of both the dis-
tal screws and further migration of the distal end of the
nail towards the knee joint (Figure 5).
The patient was readmitted and exchange nailing
was planned. The heads of the broken screws were
screwed out. Distal end of one screw fixed in the other
cortex was hammered out by a blunt tipped 4-mm rod
passing through a hole in the near cortex. We were
unable to remove one distal locking bolt fragment. Cen-
tral segment came out from the medullary canal along
with the nail. Intraoperatively, the fracture site showed
good callus formation and the ends were found to be
sticky with no gross mobility. An exchange reamed
nailing was done with a larger sized nail (12 mm in
diameter,AO, cannulated femoral nail) without any bone
grafting (Figure 6). The postoperative course was un-
eventful and the fracture showed solid unionat12weeks
following the second surgery (Figures 7 and 8).
DISCUSSION
Femur is the largest bone of the body and one of
the principal load-bearing bones in the lower extremity.
Fracture of femoral shaft is common and most of them
are associated with high energy injuries that often cause
comminution. Various treatment methods are available.
Intramedullary nail without interlocking screws rarely
breaks but is inferior in holding fracture bones in place
because of rotational instability. On the other hand, good
rotational stability in interlocking nails produces high-
stress concentrations at the proximal and distal ends.9
The reported rate of nail breakage varies from 0.5% to
3.3% in different studies.2,12,13
Many biomechanical factors leading to nail break-
age and the strength of different nails have been
studied.3,7-9,14,15 Meanwhile the improvement in compo-
sition and design of intramedullary nails has markedly
reduced the frequency of nail breakage. Griffin et al16 in
a biomechanical study showed that a single bolt with a
diameter of 4.0 mm was not able to withstand 1 200
load cycles. This corresponded to half or a full day full
weight bearing. The use of two 4.0 mm bolts for locking
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raised the withstanding probability from zero to about
20%. On the other hand, a single 4.5 mm bolt was
found to have approximately 50% probability of with-
standing weight bearing for a week. This could be prob-
ability improved to greater than 90% with the use of a
single 5.0 mm bolt. However the authors did not test the
strength of the bolt construct for using two 5.0 mm bolts.
Fatigue failure of intramedullary nails is less frequent
nowadays because of advances in nail design and an
appreciation for thebiomechanics of nails. Broken femo-
ralnailsandlockingbolts areusually indicativeof femoral
nonunion. As for all orthopedic implants, there is a race
between fracture healing and implant failure. When a
fracture fails to heal, the nail will eventually fatigue and
break. The timing of this failure depends on numerous
factors including the size of the nail and its locking
bolt, type of metal, fracture pattern, location of the
nonunion, patient's weight, timing of starting weight
bearing and patient's activity level.5 In a review of 60
Figure 1. X-ray image showing a comminuted segmental fracture of the left femur, classified as 32 C3 according to AO Muller Classification.
Figure 2. Immediate postoperative radiographs of the left femur with locked intramedullary nail in situ, showing satisfactory alignment but
a slightly smaller sized nail. Figure 3. Subsequent follow-up X-ray image at 4 weeks showing satisfactory progression of callus formation.
Figure 4. Follow-up radiograph at 8 weeks, showing bent distal locking screws with some collapse at the fracture site but a definite
radiological improvement.
Figure 5. Next follow-up radiograph at 10 weeks postoperatively showing complete segmental breakage of both the distal screws and
further migration of the distal end of the nail towards the knee joint. Figure 6. Postoperative radiographs after exchange nailing showing
large diameter (12 mm) AO nail with good cortical contact (no bone grafting was done). Figure 7. Follow-up radiographs at 6 weeks
following the second surgery showing progressive union. Figure 8. Follow-up radiograph at 12 weeks following the second surgery
showing solid union.
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broken nails in 56 patients, Franklin et al12 identified the
commonly observed sites of nail failure, usually the site
of the nonunion where the implant deformation was
maximal. Other locations included transitional sites in
the implant and sites where metal had been removed
such as at the interlocking bolt holes. Transitional sites
include the proximal portion of the slot and the proximal
nail waist in implants with an enlarged insertion diameter.
Our patient had a segmental fracture of femur and
locking was done at both the ends. Due to the commi-
nuted nature of the fracture and resultant inability of the
bone to share load, most of the load came over the lock-
ing bolts in the patient’s walking. We believe that cycli-
cal loading during walking eventually leads to bolt
breakage.
The two distal bolt sites of an interlocking nail can
lead to implant failure because of the stress concentra-
tion caused by the hole-effect and the slot-effect.3 Im-
plant failure can occur if weight bearing begins before
the fracture regains 50% of its original stiffness.3
Bucholz et al9 recommended keeping a distance of at
least 5 cm between the fracture site and the more proxi-
mal of the two distal bolts. A smaller distance might
lead to an increased stress concentration in the nail
which usually exceeds its fatigue endurance limit.
Sayana et al17 studied the effect of additional locking
bolts on fracture strain and stability in tibial intramedul-
lary nailing and found that an extra locking bolt de-
creased strain close to the fracture site in all loading
positions and significantly reduced angular motion at
the fracturesite. They foundan increase instress around
the additional locking site; however the nails survived
the fatigue test successfully.
Most failures of interlockingbolt are reported at bone
bolt interface with bending of bolts or bolt breakage at
either the medial or lateral aspects of the nail.5 Seg-
mental breakage is extremely uncommon. Several fac-
tors could be respectively in part responsible for such a
rare presentation in our case. Intraoperative problem
with screw driver and hammering of bolts might have
weakened them and predisposed them to breakage
before fracture union. Our nail was also slightly small
in diameter. Toggling of such slightly loose nail in the
canal may corrode the bolt at the nail-bolt interface and
ultimately lead to further bolt weakening. This might be
potentiated by early weight bearing as seen in our
patient. The patient was advised not to bear weight once
the problem was identified at the 8th week in follow-up
visit. However lack of compliance on the part of our
patient andcontinued weight bearing led to further weak-
ening of the bolts and ultimate breakage in such an
unusual pattern.
To conclude, we believe that segmental breakage
of interlocking bolts is a rare presentation and a few
things should be kept in mind to avoid encountering
such a difficult situation. We recommend the use of
the largest possible nail for all femoral fractures.
Delayed,supervisedandprotectedweightbearingshould
be done in patients with segmental and comminuted
fractures where cortical contact is not enough to share
body weight. Hammering of bolts to the bone should be
avoided. Such a hammering probably weakens the bolt
and predisposes it to breakage on weight bearing.
Whenever dealing with such a comminuted segmental
fracture, good quality implants that can better resist
higher loads should be used. Indigenously built cheaper
implants should be avoided. Whatever the clinical situ-
ation is, patient should be counseled in detail to en-
sure proper compliance with the postoperative protocol.
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